Serial studies of arterial a n d alveolar oxygen, carbon dioxide, a n d nitrogen tensions, arterial pH, a n d ratios of dead space: tidal volume were made in 24 nondistressed premature infants. By determining arterial-alveolar gradients, the sequence of development of ventilation/perfusion relations in the nondistressed premature infant can be determined. T h e presence of a n arterial-alveolar carbon dioxide gradient a n d elevated VD/VT ratio indicate the presence of overventilated/underperfused areas.
Introduction
The onset of respiration at birth requires adjustments in ventilation and perfusion of lungs. Inequalities in the ventilation-perfusion ratio (OA/Q) will result in gradients between alveolar and arterial oxygen tension (AaDo,), arterial-alveolar carbon dioxide tension (aADco,) and arterial-alveolar nitrogen tension (aADN,). Assessment of these parameters, the so-called triple gradient, permits description of the nature of the abnormalities of ventilation and perfusion. This study investigated these gradients serially in a group of small nondistressed premature infants in order to determine the sequence of events in the adaptation of lungs to extrauterine life. Serial measurements of anatomic and physiologic dead space and calculation of alveolar dead space were made, since these also are indications of the adequacy ofve~itilation-perfusion.
Materials and Methods
The subjects were twenty-four premature infants, all but one of whom had a birth weight less than 1800 g. With one exception, the infants were of appropriate weight for gestational age. Four infants recovering from hyaline membrane disease and two with roentgenographic findings of the Mikity-Wilson syndrome were the only ones with symptoms of respiratory difficulty, although some of the smaller infants required an increased oxygen environment for several days after birth.
Alveolar-arterial oxygen gradients (Aa Do,) and arterial-alveolar carbon dioxide gradients (aADco,) were determined by methods previously reported [7] . The nitrogen gradient was measured as the urinaryalveolar nitrogen gradient (uADN,) by the method of FARHI et al. [I] . Urine was collected in a polyethylene bag attached to the perineum of the infant. On voiding, the bag was immediately removed and a clamp was placed below the air-liquid interface. Urine was then anerobically removed from the bag into a 5-ml syringe. Dead space of the syringe had been previously filled with distilled water and rinsed once with urine. Rectal temperature was recorded immediately with a telethermometer [lo] . PUN, was determined from measurement of dissolved nitrogen in an anerobically collected specimen and the nitrogen content dissolved in an aliquot of the same sample which had been equilibrated with a gas of known PN, at the same temperature as that of the infant. The nitrogen content of the samples was determined using a Beckman GC-2A gas chromatograph [l] . A volume of 0.07 ml of urine was used for each determination and approximately 4 ml was needed for both anerobic and equilibrated samples. A peak height of approximately 15 cm was obtained for each determination. Triplicate checks within 2.5 mm peak height were required and the mean value was used to calculate PUN,. The equilibrated sample was obtained by using a Twin tonometer for tonometering the urine with compressed air of known nitrogen content for 30 minutes at the exact rectal temperature of the infant. Urinary nitrogen was calculated from the mean peak height of the anerobic sample, the mean peak height of the equilibrated sample, and the partial pressure of nitrogen in the equilibrated urine as follows : peak height (anerobic) PUN, = X PN, peak height (equilibrated)
The partial pressure of nitrogen in alveolar gas (PAN,) was determined from the alveolar air equation using the measured PAco, and R equal to 0.7 in the first week of life, and R equal to 0.8 thereafter [2] . The uADN, was obtained by using the equation: uADN, = PuN,-PAN,.
In some infants, physiologic dead space (VD), tidal volume (VT), dead space tidal volume ratio (VD/VT) , and alveolar ventilation (vA) were measured. For these studies, carbon dioxide production (vco,) was determined by using a Kipp and Zonen diaferometer, with the infant's environmental temperature at the neutral range. Tidal volume was measured by electronically integrating the signal obtained from a pneumotachograph, the dead space of which was obliterated by a constant flow through of air [4] . Volumes were obtained from standard respiratory equations. The respiratory rate measured at the time of determination of vCo2 was used for the calculations.
Evaluation of Nitrogen Gradient Data
The validity of the method of determination of the nitrogen gradient has been discussed previously [3] . Tco, :
CO, production, ml/min STPD. VDal,, : Alveolar dead space (VDp-VDanat,).
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TO2:
O2 consumption, ml/min STPD.
VA/To,: Alveolar ventialtion/oxygen consumption. figure 4 indicates that a major component of the oxygen gradient is not due to OA/Q unevenness. The results are consistent with the concept that the infant has atelectasis or nonventilated alveoli that gradually return to normal. These conclusions are in contradistinction to the opinion of LEDBETTER et al. [3] that in the full-term infant, the major component of AaDo, is vA/Q unevenness, although the studies of NELSON et al. [5] favor shunting to be the major abnormality. The possibility that part of the shunting is intracardiac (foramen ovale) cannot be excluded.
Thc expansion of the premature infant's lung from its initial fluid-filled state does not proceed in a smooth, orderly fashion. A pattern of extrauterine adaptation of the lungs, based on physiologic observation, is emerging. Initially, these infants have a large thoracic gas volume that decreases in the first week of life [9] and is associated with gas trapping [7] , shunting [8] , and ventilation-perfusion unevenness. As the lungs increase in size with the growth of the infant, atelectasis and shunting persist and pulmonary development progresses with evidence of areas of both high and low values for OA/Q. Thus, the tendency of these small premature infants to develop respiratory difficulty from relatively minor stresses such as distended stomach and feeding is readily explicable on thc basis of altered pulmonary physiology. Data on infants with hyaline membrane disease suggest, qualitatively at least, that they have many of the same defects.
The lung ofthe premature infant isnotaphysiologically homogenous organ with respect to ventilation and perfusion. Areas of high and low VA/Q contributing to aADco, and uADN,, and atelectasis reflected in AaDo,, exist simultaneously. Overperfusion of poorly ventilated alveoli occurs as atelectasis resolves, but does not appear to be a major reason for the persistent AaDo,.
